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Figure 1. Structures of surfactants. For Pluronic® F-68, x = 75 and y = 30; for Pluronic® F-108, x = 132 











A) Polysorbate 80 
C) Zonyl® FS-300 
 
F–[CF2–CF2]3 – [CH2–CH2–O]14–H, 
 





























Figure 1 surfactant structures
 
 
Figure 2. Structures of the organic compounds used to test the ability of the surfactant solutions to 






















Figure 3. Chromatograms of the standards produced by direct injection into the GC-MS (A) and 
extracted from JSC Mars-1 using 2 g l-1 polysorbate 80 in 20:80 (vol:vol) methanol:water. Compounds 
are 1 hexadecane; 2 atrazine; 3 anthracene; 4 phytane; 5 pyrene; 6 coprostane; 7 squalene; 8 
stigmasterol. Comparison of the areas of these peaks enables the efficiency of extraction of 
standards using the polysorbate 80 solution to be calculated. 
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Figure 4. Recovery of 10 μg of each standard from 500 mg of JSC Mars-1 using water and 20:80 
methanol:water, with and without 1.5 g l-1 polysorbate 80. Water alone is unable to extract the 
standards, and the addition of methanol helps only with the aromatic hydrocarbons. Addition of 1.5 
g l-1 polysorbate 80, however, enables the solvent to extract all of the standards. Subsequent 
addition of methanol raises the percentage recoveries even further, to 20-30% for the aliphatic 
hydrocarbons, 50-75% for the aromatic hydrocarbons and 10-20% for the steroids. 
 




Figure 5. The recovery of standards from JSC Mars-1 using polysorbate 80 solutions in water and 
20:80 (vol:vol) methanol:water. In general, the presence of methanol raises the recovery of 
standards, by up to around 50%. For polysorbate 80 in water, a concentration of 0.2 g l-1 is necessary 
to extract significant amounts of the standards, but the addition of methanol allows recovery at 0.1 
g l-1 polysorbate 80. The current choice of LMC solution, 1.5 g l-1 polysorbate 80 in 20:80 
methanol:water, gives recoveries of aliphatics, aromatics and steroids of around 20-30%, 50-75% 
and 10-20%, respectively. Increasing the concentration of polysorbate to 5 g l-1 increases those 
recoveries by around 50%, to 30-40% of aliphatic hydrocarbons, 65-85% of aromatic hydrocarbons 
and 20-25% of steroids. Hence, scope exists for more complete extraction of organic compounds, if 







Figure 6. The recovery of standards from JSC Mars-1 using Pluronic® F-68 and Pluronic® F-108 
solutions in water and 20:80 (vol:vol) methanol:water. Extraction of aliphatics and steroids by 
Pluronic® F-68 or Pluronic® F-108 solutions is unsuccessful, with recoveries not exceeding 1%, 
whether in water or methanol-water. Extraction of the aromatic species is more successful, but 
methanol-water is able to extract 5-10% of the aromatics without any surfactant present; addition of 
10 mg ml-1 Pluronic® F-68 or Pluronic® F-108 raises the recovery of these aromatics by only a factor 






Figure 7. The recovery of standards from JSC Mars-1 using Zonyl® FS-300 solutions in water and 
20:80 (vol:vol) methanol:water. Use of 20:80 methanol:water as a solvent, rather than water alone, 
aids the recovery of the standards. Recovery of the standards increases with increasing FS-300 
concentrations, up to a maximum of around 10-20% for aliphatics, around 60% for aromatics and 
around 10% for steroids, in methanol-water. In general, Zonyl® FS-300 is about half as effective as 







Figure 8. The recovery of standards from JSC Mars-1 using PDMSHEPMS solutions in water and 20:80 
(vol:vol) methanol:water. Use of 20:80 methanol:water as a solvent, rather than water alone, greatly 
aids the recovery of the standards. Recovery of the standards increases with increasing PDMSHEPMS 
concentrations, up to a maximum of around 30-40% for aliphatics, around 50-70% for aromatic 
hydrocarbons and around 15-30% for steroids, in methanol-water. In general, PDMSHEPMS is about 
as effective as polysorbate 80 at these standards and therefore should be considered as an 







Figure 9. Inhibition ELISA data for pyrene in 20:80 methanol:water with (a) 1.5 g l-1 polysorbate 80 
(b) 10 g l-1 polysorbate 80 (c) 10 g l-1 Zonyl® FS-300 and (d) 10 g l-1 PDMSHEPMS. Data points are 
single replicates. Plotted immunoassay curves are the fit to a four parameter binding equation. 
Calculated IC50 values were 314 μg
 l-1 for 1.5 g l-1 polysorbate 80, 1890 μg l-1 for 10 g l-1 polysorbate 
80, 215 μg l-1 for 10 g l-1 Zonyl® FS-300 and 638 μg l-1 for 10 g l-1 PDMSHEPMS. (OD = optical density).  
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